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"To the Sipht; three things are required, 
the Object, the Orzan and the Medium.” 


-~Robert. Purton, The Anatomy of “elancholy, 1621 Te 3 hh Ws 35 
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"Medium,' from the Latin cognates of neuter adjectival and nom- 
inal forms meant “in the center or middle," "the middle,"'the 
meantime," "the interval," “mediator,” "arbitrator" or “neutral 
party." With the Roman concern for administration it also came to 
mean "the general community," "Public good," "general welfare." 
Coriously, in Did Norse "4idheardhr' which, like the Latin, is 
derived from Indo-European 'wodhyo,'' referred to the middle ground 
between heaven and hell. We, of course, derive the usage medium 
to describe an individual able to san seare with the dead. With 
this supposed act of communication, the euaane perenne 
is bypassed, ceases to be active; he/she speaks with the voice and 
manner of the deceased. The ee dissemples to transparency. 

In all eigee usages, the medium is the carrier, ene middle 
eround, the environment. Air and water, for instance, are two common 
media for sound. The aewesetey of substance for the conveyance 
of messazes was posited early: the mistaken notion of the all per- 
vadine and intangible ether persisted to the second decade of this | es 
century. A statement of Poincare, published in 1995: 

Whether the ether @xists or not matters Jittle--1et 
us leave that to the wetaphysictans; what is essential 
for us is, that everything happens as if it existed and 


that this hypothesis ds found to be suitable for the 
explanation of phenomena. After all, have we any other 
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renson for believine in the existance of material 

objects? That,too, is only a conveniene hypothesis; only, 

it will never crease to be so, while some day, no doubt, 

theether will be thrown aside as useless. 
-~-Sclence and 'Mypothesis, pp. 211-212 


A tautology: every medium possesses transparency, its abil- 

xnry | . 

ity to function as a carrier of information. This quality allows the 

documentary aspect of any sepiceton, Prior to the mechanical reprod- 

uction of photography manual image making in one medium or another 

(sometimes boetauts made by photosensitizing the face of the block 

and cutting accordine to the photographic pattern) provided the 

_ visual documentation of events in periodicals and books. Another form 

of documentation, albeit a degraded one, exists in program music. “More 

direct forms are, of course, photographic and electronic in process. 

All media are able to be mimetic, that they are able to render a 

resemblance of direct experience. Quite often we can Speak of a 

perceptual mimesis: that which resembles direct "unmediated" sensory 

input. We will limit this to cases in which the structures of the 

medium are in service to the conveyance of information external 

to the system. Thus two conditions of application are necessary for 

perceptual mimesis. First, the sree lsuar: the registered has had 

to have actually happened. Second, the qualitative: the medium must 

be applied to preserve qualities of the registered in such a way 

that an adeauate representation of normal sensory experience is 

achieved. Thus, an external phenomenon, such as light or sound, must 

interact with an interior structure such as random erains on photo- 

graphic film, the diaphrapm/mapnetic field of some microphone designs, 
video pick-up tube 

the scanning structure of the nakhods/ray tube, the holographic 


time delay. 





These statements do present a number of ambiruities, 


yet it would be difficult to deny the everyday utility of photo-_ | 
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sensory systems for us all. Marshall McLuhan, tn Understanding Media 
(43) states, ‘With the arrival of electric technology, man extended, 
or set outside himself, a live model of the central nervous system 
itself." The point is not whether we can define sensory exnverience 
precisely cnough to describe it. Rather, it is a fait accompli 
millions of times each day that phakeax snapshots stimulate Peeoon teen 
of past experiences, television shows ss are iapeenet on the other 
side of the world, radio gives us the inflexions of the President's 
voice. Pictures do lie, of course, but it seems they lie less 
ee than humans, at least in matters of pure visual/aural]l recon- 
Struction. MuLuhan, in an investigation fundamentally different 

from ours, goes even further in suggesting that we have developed 
these forms of peu atenen out of the necessity to protect our ire 
from che continual seeriaea a nee Continuing the quote 


above, my 


To the degree that this is s0, it is a development 

that suggests a desperate and suicidal autoamputation, 

as if the central nervous svstem could no longer depend 
on the physical organs to be protective buffers against 
the slings and arrows of outrapeous mechanism. It could 
well be that the successive mechanizations of the various 
physical organs since the invention of printing have 

made too violent and superstimulated a social experience 
for the central nervous system to dndure. 
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The internal structures we've engineered determine the rep- 
istration of phenomena, how they will look or sound. Of necessity 


a transformation occurs, for in all media the intermediate step 





alters not only “the structure of the external nhenomenon—-—i.e. 

in video from a two Sspnniadimenstaned optical projection 

of a one dimensional ecnersy flow-=-but also the materfal of that 
nhenomenon, Les. JOR licht to current or, in the case of film, 

to a change in the molecular structure which constituees the latent 
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imapne. There is achanee of state which determines tne possibilitie 
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of any medium. ‘The devices which accomplish this are called 
transcucers. ‘‘onitors and cameras are transducers: cameras allow 
“ternal enersy to enter the system: monitors allow internal enerry 
to leave as tight. ALI] transducers, it should be noted, tnherentlv 
preserve certain parameters of the “observed” phenomenon. To under- 
stand the preservation it is necessary to. understand the encoding/ 
Cecodings translation. 


“Te shall classify txyunsdurkinn the chances of state caused 





by transduction in tie following imare paramters. In canera 
encoding, bees paraneéters must be preserved to maintain transparency. 
This, to be sure, ts not the only possikte chkassification. 

1) beiehenoaetie overall light-enerey of a scene. 

2 contrast~the ratio betveen the darkest and lightest 
areas of a scene as well as the number of Separate gray levels that 
are resolved. 

Those elements which constitute 
3) detail--edse, line, texture and volume within a scene 
\ 4) motion--all movement and chanre. 


5) color--an acceptable rendition of how we normally 


preceive color under given lightine conditions. 
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transduction 
The precise characteristics of the ehange-ef—strte 


is deternined first of all by what's physically possible and sec~ 
ondly by utilitarian considerations of economics and transparency. 
An inevitable value compression occurs in the transduction, 
vepeoeane the dynamic -ranse of reproducible brightnesses, resol- 
ution of detail, limitations of mou iow, SuUMYARK range and types 
of color. 

One thine it is imnortant to realize is that for neither 


human perception nor video encoding, are these parameeers indep- 
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endent 


(p. 5 follows) 









| je 
pa 
variables. In human perception the ability to perceive color is : 
dependent upon sufficient brightness and ts related to but not 
solely determined by the wavelength of lieht (at this time there 
is no satisfactory model of color SeeeemEtoAD The discrimination 
of detail is dependent upon, indeed is often the same as, the 
contrast ratio of the scene, Similarly, when these phenomena are 
transduced to the video system, funcitonal interrelations arise 
which are founded both in the definitive construction pfxtkeay and: 
the utilizatiowof the medium. The latter case, the an oneration off 
a single paramter will affect others becomes apparent to Eine 
user at almost the fisst turn of a dial. In conventional studios, 
t his factor is responsible for the employment. of large numbers 
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of broadcast technicians. In-experimental_praetice;thissis \ \ \ 
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_ exemplified by quantizing, debeaming, addition of signals, some Q ee penell, 


uses of keying and colorizing ee fee operations. 


Indeed, the nhhterrelations are SO peas ahat it might be 






possible to formulate a conservation principle in which image infomntion 

cannot be Jost buy only transformed within a given system. Color, 

for instance, inherently reduces detail but can increase anparent 
contrast, A reduciton of brightness in some conditions will increasw 
detail. An increase in motion will reduce detail and in some conditions 

ontrast. Obviously, all this Svisies within certain paraheters det- 

ermined by the qualities of the particular system and scene. 

This is ane aspect af a fundamental relaization. As soon 

s@vents enter the electronic realm their existance becanes dynamic. 

(Jicht also is a dena cnnite entity but an a scale so small that it is 


ireelevant to human and video process es.) What this means for us is 
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that any accurate description of the phenomenon and any mode of 
c ontrol over it must exist dynamically and must be describea 

in dynamic terms. This is-4@ primary relaization anwis essential for 
any description and understandins of electronic tools, processes 

and operations. 

This particular relaity presents cae rine re for descrip- 

ive languaze. That is, that we must speak neetie about structures, 
and that they are dynamic structures means that even the simplest 
words we bright @o describe what we. see: image; the qualities 

of what we see: color, size, shape, shading, are all situated 

before the mediation, outside the reali of dynamic structures. “e 
have inherited from our normal vision which we, of necessity, 

take oe real (at least on the a and the necessary 
corresponding transparency of our own perceptual process (that 

we can perceive without introspection), which, mimicked in these 
media, allow a static description to be adequate and largely accurate. 
And in "normal" video (direct camera-monitor hookups) such a des- 
cription. ts similarly adequate for describing the ecce But when 

we supercede the transparent, when the tools becomes potentially 
responsive to applications not directly located inthe mimesis of 
sensory conditions, when for whatever reason, we become closer to the 
electronic process, such isceist tons not only become inadequate, 


but force a conceptual difficulty which, at the very least, makes 


utilization of these processes more difficult. 
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“Time frame" is an example of a term we've had to gnk orivinate 
because of the particular limitations of our language in describing 
complex dynamic interactions. Nore “agnatfix significant is that these 
processes are important in themselves--dare we say that perhaps the 
mediation of the system really lies in the way it presents to us 

its own processes--and have important implications to the thought 


and expression of our time. 


Of course, satisfactory terms of sufficient precision exist 

Peers te Sania oro eieeatee for many of the components, processes, 
undxoperations and effects we shall survey, and it would serve 

little purpose to create an entirely new descriptive vocabulary of 
video. (Not only that, but we'd likewise have to reformulate the 
structure of the English language.) And names, of course, are Hx 
sepheceily coca tools .o breviate complex descriptions. But it is 
importnat to realize-~and this book is directed towards making 
e xplicit that re&lization--that nearly every element of video 

takes place in the dynamic realm. The utilization and realization 

of htefourth dimension in quantities of time invisible to human 
perception is at the center of Video theory and vractice. The medium 
is able to be transparent partially because it is so Beak and 

‘it is so fast coed it must be transparent. It would, li Tact, 

be possible to describe video as a tool for the observation of micro- 
events just as one can say that the function of the camera is to 

COuLtlhL Sees Ss” 

transduce macro events (those visible to buman-peteertion) into 

micro events which require this large overlay of technolosyv to 


decode, 


But returning to Llanguaee, one example of this kind of misplaced 
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CCre2nOlGty Aa Per ine. Presume iy eee oricinates From key-hole 
mattine of film, in which a cut out is placed between the camera 
lens and ae scene. A video keyer is able, amonse other things, to do 
his by comparins, a xan signal naxarke parameter, usually wanware 
level, with a threshold voltace and etnias those portions of 
the signal at or above tue threshold level. The effect of this 
in Giese to make the keyed areas transparent, allowing other 
images to be inserted into that "window" or the "window" itwelf 
to be reassigned an arbitrary gray level. 
The basic oamnonent of a ee ee comparator, whose 
symbol is this: . 
(diagram) 
In keyers one of these invuts is the threshold, the other the 
key video. Comparators have only two states, on, in which case the 
sicnal passes throuch unchanred, and off, in which case there 
‘Is no output. In fig. : we superimpose an arbitrary threshold 
setting and the video signal ere cere th the selected line 
OF Pie es ; 


(photoX and drawing) y 
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The output of the comparator is diagrammed in i: ae and pictured 
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(photo and diagram) 
As can be seen, a comparator is akind of switch operating at line 
frequencies. It continuously compares these two: levels (as opposed 
to sampling during each line scan. Areas ave built from repeated 
line events. Thus, a key, originally the result of a static 
optical obstruction, refers now to a dynamic comparison of two energy 


states. Another common form of keying, chroma keying, uses hwat 
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appears to be color to produce transparency. The actual regulator 
is a phase comnartson of two chrominance iene; Ye will deal fully 
with thasx various keying operations Jater. What is iaportne to 
realize is the state of affairs (actually the dynamic of affairs) 
underlying nomenclature and description. 

One way to appraoch all this is that the processes are the 
substantive aspect of a dynamic mediun. The definitive aspect of 
painting is paint applied to a surface from which light is reflected 
to the viewer's eyes. Any exercise which incorporates these 
elements might properly be sa termed satis. The defining sub- 
stance of video, however, is not ckectrons, nor is it the phosphor 
coated screen. Rather, ee defines video is a complex interrelation 
of numerous timing and pibodeseine sevdenuie: expressed in a pre~ 
determined scanning structure activating phosphors on the surface 
of the cathode ray tube. (Compare, for instance, oscilloscopes, 
which to not normally huve predetermined scanning structures and 
employ far fewer and less determined timing structures. Yet is 
is possible to use any oscilloscope as a monitor with the correct 
input signals.) Those processes which conform video are dynamic 
processes of tricprering, seas. addition, multiplication, 
gating, etc. The only structures which might be considered "static" 
entities are those material structures of the component level, or 
It2 magnetic and electrical energy which are the fodder for the system. 


Even the invariable relationships between the timing structures 


are Jatt that, relationships, and not in any sense substantive 


entities. 





This is one primary Ponies ibas that it is appropriate to 
describe the pooperties and applications of this medium not PRAM 
rindayxvocie primarily in terms of substantive entities Cehat 18, 
energy forces and matter), but requires a recognition of the 
nature andeffects of relationships and processes. We define process 
as those timmxukribiting Brin dowenaeae elenents which are con- 
Stituent of system relationships, such as multiplication, phase 
comparison, trigrering, satine, et. al. There are, it should be 

n oted, two hevels of processin video:thase which are constituent of 
the definitive construction of the een: those which are exploited 
in the application of it. "Operations" we shall define as those 
things the user does, which ee nseally-eonadsed of multiple 
processes. Envelope generation, keying, colorizing, mixing are 
Operations. Sometimes, in simple onerations, as in pone eee of 
triggering and multiplication, the process and the seeeeton are 
one. 

A few definitions: video is the applicatéon of electronic 
energy to the generation, processing aie display of electronic 
energy aestined to become light and which exists within a particular 
d eterthined time/sance structure. To do this, many signals are precisely 
specified in their shape, duration and amplitude. These we shall 
call "specified signals" and make up the synchronieations and 
other utilitarian signals derived or dependent on sync, internal 
to cameras, monitors, VTRs and sipnal processors. Other sipnals, 
specified only as to limits, we shall call "arbitrary signals\ 
Arbitrary signals include “luminance control," Xx and "chrominance 


control" which when decoded become picture infomration, and "process 
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controls" which are active shanpine and modulating funntions 





er SG ye eee ee 


generating, formins, and otherwise processing, the luminance and . 
chrominance exmx controls. 

We call all these controls because that's what they are. It 
is not difficult to see that eneese cA signals are sontrele, 
in that amonp, th other thinss they time and trigger the porcesses 


of the electroni beam in the cathode ray tube. Process control is 
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clear also, because these gignals variously shape the luminance 
and chrominance controls. Luminance and chrominance controls, however, 


represent control functions first, because of the way the video 
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gystem is structured--necessitated by the phenomena-~in that 

it is not the beam of electronks flying to the phosphors nor the 

é¢onal shich is recorded on tape which is the video sienal. Rather 

he video signal is the modulator peat tows anternal specified 

sienals which produce the image or the magnetse-encodines- magnetic 

flux of the tape head. (We shall deal with chrominance later) seeeadly, 

and this is closer to the user,: there is in electronic eddie a gen- 

eralized correspondence and equivalence between signals. Luminance 

and diventaaade controgs are able to become process control and 

‘vice versa. The identity of signals is defined more by utilization 

than by structure. Of course, there are structureal paramters 

which circumscribe application, but this does doe alter the principle 

and possibilitics offered by the basic equivalence. | 
The conceptual power of cideo derives partly from the unity 

of the Aetocials No other medium, with the exception of sieeeeonies 


‘sound, possesses this homogeneity and interchangability. The 


user has the ability to recode phenomena functionally while main- 
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tainane an identity of dynamic elements: what does into the ho-pper 
doesn't chanse but what comes out is completely different. Much more 
will be said about this later, and while this certainly is not the 
only way to describe experimental video, it possesses 1) fidelity 
to the ope-ations and tools, or 2) 8 number of interesting resonances 
which ence avenues Lor oe maline and understandine. 
Remembering that identity derives fron aint eats we find 
ourselves already with an operational hierarchy comprising specif- 
ied signals, which might be described a the formation of the xm 
system structuee, and arbitrary efaanis which can be bead as the 


ormatidn of the imase content. On theface of the CRT the itme 


i 


structure translated into space is called “the raster.’ The raster 
is the spatial structure in which video events are displayed and 
is composec of 525 horizontal lines. We can say that it is the 


translation of time into space becuase the video timing structures 


have been engineered to establish, or have consequently determined, 
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the spatial atttibutes of the raster. Among them are its resolution, 
aspect ratio and certain ways in which it reproduces three dimen- 
Slonal space and movins objects. We can expand this definition of 
raster to include also unseen scanning, ene Cie normally 
masked elements of sync and blanking and the non-energized retraces. 
The raster is the trace of the beam, in on and off states, which 
is divs Structue or format of the display. Some methods of experim- 
ental video processing, called scan processing, manipulate the 
image by reshaning--but not retiming--the raster. 
The raster derives validity as a concept through the 
underlying periodicity of video. The scanning is continoaus ana 
divided in its spatial locations between duo. Teterines fields 
of 262!s lines. 

(interlace diagram) 
At no time is a full raster displayed, it is rather the sum of 

ae P | 
its sequential locations, persisting in our retina and to a lesser 
degree in the relatively stow decay time of excited phosphors 
(about 1 millisecond) which enable us to speak of it as an entire 
entity. 

One function of the raster is its & "time base," which is 

also used to describe a function in a variety of electronic decoding 
instruments, most commonly oscilloscopes. In CRT displays the 
time base is how fast the beam sweeps across the page of the gube 
and is usually expressed in Hertz (ercies per second) but sometimes 
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in divisions of seconds (e.¢. 1 ms sweep). The time base determines 
how electromagnetic phenomena appear on the face of the tube. For 


example, we set the time base of an oscilloscope to 1 Nilz, which 
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means that the beam travels across 1090 times each second, and input 


a sine wave of 1 Kiiz. Thés situation is displayed like this: 
(photo) 
If we ee the time base to 2 Kilz, we get this: 
(photo) 


The number of times the external signal bas time to deflect vertically 

the horizontal scan is a function of the time base. The external 

signal hasn't changed, only the means by which we display it. The 

time base is an important determinant of visualization. | 
The NTSC standard has two time bases, nominally 15,750Hzfor 

horizontal, 60Hz for vertical. They have exactly the same effect as 

those of an seaineseane except that the external signal doesn't 

move the beam, Sue rather alters its brightness. We can input an 

sectitator<oxtesuated square wave into a television monitor and 

‘receive these results: | 

(60liz photo 120 Hz 180 Hz 240 Hz 13,750 31,500) 

(labelled diagram of 15;750 sq. wave) 

As the 60Hz signal corresponds to the’time it takes for one ver- 

tical writing of the seecuu, and as the signal is on for half the 

time (1/120 sec.) and off for half the time, we get half the screen 

black (beam turned off) and half the screen white (beam fully on). 

As the 120lIlz2 signal can go through its full cycle twice during one 

vertical writing period, we get 2 dark and 2 light bands, with cor- 


responding effects for 180Uz and 240Hz. For the higher frequencies, 


during each line there is just enough time for the 15,/750l!z signal 
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to £0 tiroudi*e cone. cycle, so-lalt si each line is white and half 
black. As this is repeated continuously and in synchronization with 
the scan lines, the entire screen is awed dawm the middle. A 
similar situation occurs with the 31,5902 signal, except that it 
goes throuzh two complete cycles each line, producing 4 vertical 
divisions of the screen. 

Different television systems have different time bases: 
PAL uses 50Hz vertical and 15,625 horizontal (??); SECAM uses 
50Hz vertical and 20,475 (277?) horizontal. ((CITECK THESE FIGURTS)) 

Related to the time bases of video is a rather abstract 
aatzyenenak but usefihl concept, the "time frame," which is derived 
BOEH from both raster and X<xur frame. It is the structure of 
the signal which is defined by the horizontal, vertical and 
subcarrier nates and by the.moment oftuxx their occurance. As 
such it is internally relative in that it contains the set of 
relationships betwenn these sienals, and absolute because it 
refers to a particular structure which is at particular stages 

| ass 

at particular moments in time (@%is we can call’ the phase). The 
realization of the time frame is absolutely essential for under~_ 
standing a wide range of video operations and can be said to be 
at the center of processes of encoding and decoding. 

In a dynamic medium any event is an interaction of dynamic 
processes. An immense number of eee of this are found in even 


the simplest system. As a principle this is of such generality 


and, self-evidence as to appear trivial. Nonetheless, it requires 


statement because it is one key to the understanding of the operations. 


We will injeet another self-evident mmen concept, this one a 





tautology: in dynamic media all events are inherently the synthesis 
of dynamic relations between structures, in which structure is 
broadly defined asa any element which is able to have effect Aik 
enbidies and is the product of some tind of shaping. Such structures 
exist on a number of Jevels and include the simple structures which 
formatting 
are constituent of operations mentioned earlier: the fuxmak/structures 
, existing in both signal encoding and the actuating fields which 
include the drives and syncs, deflection Signals, deflection rrelds. 
anc the luminance/chrominance control, which controls the beam 
or beams as well as various simple structures. The time frame is the 
sum of interaction of the formatting structures. It is the ten eers 
and | 
al coordinates of the syne signaly/the deflection signals: which 
are derived from sync. As a result it gives us, also, a set of 
positions, relative and absolute, on the raster as measured from 
the skaxk beginning of each line, the field orthe frame. 
One easily visualized example of this is the horizontal 
drift. One way of producing this is byusing a camera as an input 
in which a horizontal drive of frequency different than the System's 
is used to control the camera's horizontal scanning rate. Thus, the 
image is encoded within what we shall call the "content time frame,” 
so that its raster is formed of line frequency, a 547 Oe end 
60H2 verfical. What is happening is that the camera's idfomaiien 
is being encoded at a slightly different rate than the normal, 
so that each line has slishtly less time to be coppleted while 
the field remains in synchronization because the vertical drive 
| pr WEIGH 


remains locked to the system. (There is a -sHelld deformation of thie 


field here, an extra portion of a line because there is time "left 
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over" after the completion of 262'; horizontal scans. This—cdeformatioOn 
is ritrabl¢.) In the processing of the content time frame the 
picture infomration is superimposed over the system time frame of 
15,759z and 601z so that the camera's information in its time 
frame begins to drift eengee the screen at a rate proportional 

to the frequency differente (in this case, one full travel per 
second). The content time frame is now the content of the resultant 
display, and the viewer sous. a horizontally drifting frame with all 
optical ireoeerees within Lt erate coherent. There are now 

two frames: the system time frame which is the Boetebnesl and 
vertical seatnene ruthe rates and the content time frame composed 


of the camera's horizontal and vertical scanning rates, the latter 


contained within the former. 
(photo or photos of H drift) 


Similar operations can be sectorned with the Weel iota 
or in sou aon Gin ene horizontal, with subcarrier frequencies, 
with two entirely unrelated video sources, etc. Furthermore, this 
is a concept useful in describing the encoding of any unlocked signal 
(such as originate sath seenaners) Superimposed on the system 
time eeamiee 

. To extend this oiauiae one Sahn speak of a content time 
Beane inherent in any video opeation. Timing inforation in con- 
ventional systems is distributed to signal: sources and processors 
so that content time frames will precisely match kah that of the 
system time frame. Throughout the signal path of video encoding, 
processing and decoding there aren numbrous independent internal 


oscillators which are made to lock to each other or a sing dt-esource 


“ 
. al Fe OLE TR EEE | RT a RR I Or — eR er 


aye or = =e 


= ae tres = 





—e~ 


wg 3 


so as to operate in precise eeiaidonchios. ids process of locking, 
which can be violated by the maker at many stages, is in the Sepgace 
of preserving the transparency of the time frame, ef-matntainien 

in conventional applications, of maintaining the mimesis of optical 


conditions. la sett) 
Caer - cone 

The; Gime frame Wd, piciacie structure to which information 
is locked in order to preserve coherence throughout signal pro- 
cessing and final decoding in the display. What goes out will 
(if deisred) look el like what came in. Coherence, when camera 
encoding is used, is nothing more than the preservation of the 
initial relationships of horizontal and vertical coordinates on 
the faces of both CRTs. what happens then, and this is .the essence 
of video operation, is that the light information encoded into 
a one-dimensional varying voltase is joined with timing infomraton 
derived from the same source as the horizontal and vertical drives 
controlling camera scanning, moment and rate. 

There are certain conditions in which it is impossible to 
say which of two time frames is the system's. Normally, the system 
time frame is defined as that whiah comes from the master sync 
generator. This is nounalny adeaetoal to the scanning moment and 


rates of the line monitor. However, in cases where there are mult- 


iple vertical frequencies, or where there are two complete phase- 


and/or frequency-offset timing structures, it is impossible to ascertain 


which time frame is the system's. Effectively there are two equal 
systens. The reason the vertical structure is important is that it 


is the primary reference for monitors and sma-l-format tide tape 


recorders. In such conditions the distinction betw-en system and 


content is arrived at by chance and becomes a meaningless distinction. 
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For VI's it is determined by which vertical Field the decl. finds 

convenient to lock on: in monitors the-same situation FRE VS WSR G Gey L 
except thatlocking can be changed with the vertical hold adjustment. | 

We use the concent “time frame” becnase it allows us to 

contextualize the set of relationshios which consititue the video 

image. As said above, the time frame comprises the set of timex 

SHAR ane energy pelatienshine expEscommrising two waneecueaye 

fields. The time frame, becuase it is both context and content, 

allows us the flexibility to treat this complex set of dynamic 
r elationships as a static entity, indeed almost as a physical 


Ob eck. 


Sa 


But of eburee there is no material analop to the time frame 
becuasex it Ss one of the pacukinx singular capabilities of 
video that, while leaving unchansed the relational structure of the 
time frame, we may in various ways alter its apnearance. Various 


imace paramters may be reassipned at the convenience of the ugxx user. 






What this infers is that any expression of the time frame 

is equeivalent to any other. All scan processors implicitly recog- 

nize this, for--the=-steant-ta-not for they are <¢esgened ot to act 

unon the senal directly--the relationships are not changed--but 

on the disnlay through repulation of beam energy dad deticetian 
patterns. A full raster ts always scanned in 1/390th sec. whether 

it appear as a stnrle dot, a thin line, disjunct areas on the screen 

or complete blackiags. Scan processors alter the spatial manifestations 


of the time frame, not the time frame itself. 
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yak now, while the nomrla video image does a fine job of repres- 
to accomodate 

entation enting the visual field (remember, it was designed frrx 

transparency), it is not much good as an analytic graph. Our imnres- GUY 


i sept eal 


Sion of brightness is too Siapx ccotsemamh sub jective for the envrry ky 
component to be revealed with anv precision. (And, Of course, 1 
the energy compbrent ie tadiattnee. the time components will be 
similarly indistinct.) But since we may reassign arbitrary signals 
to various display paramters, we are able to concoct a ps seudo- 
three dimensional]. tire frame eranoh with the aid of the Rutt/Etra 
scan processor. Combining, in a way, the properties 6f oscilloscoves 
(variable Seen cea and monitors (raster scan and bean 
intensity changes), we shall use the energy component to modulate 
vertical deflection as well as beam. intensity. In this way we 
can produce an artificial terrain representing the time frame. A 
Sine Wave is: Feprosccuted: Clius: 

(nhoto and three vector java) 
The vector diagram ee the paramters of the time frame and 
should be imagined in three-D space with the energy vector 
pointing out from the picture plane. 

Woody Vasulka pioneered this technicue in video (indep- 
endently originated, this pseudo 3-D graphing is a common analytical 
output from a range of scletific instruments) This is Woody 
before add seers 

(two photos) 
As his forehead is the highest energy portion of the picture, it 


deflects the beam the most and so receifds the hiehest relicf. 


t) 


The darkness of his eyes deflects the beam the least. The plane 















no para) Ve shall be employing, this graphic technique throughout 

this book to illustrate all processes and operations ahpliable 
Processes 

to it. Apexnkians not applicable are those which operate between 

frames, such as switchinre or editing, or those which operate on 

components too high in frequency to he resolved by the scan 


processor, such as colorizdng¢. Both these situations maight be 
4 


said to be outside the bandwidth -f the Putt/Etra. 
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It should be stated 






that we may speak of encoding equivalences 


vy 


ff 


only because a-l arbitrary sicnals find expyYession within “this 
7 








While signals may/be transformed, tfiose transofrmafions cannot be 
said to be equivalent. In sound, fo be sure, thefe are other fattors 
at work to mak¢ equivalence outiSde its spheref such as spectrum 


changes in wave reshaping, facfors which are fhidden in the 





video display, but thakx to consider these Ys outside our scope. 
Because off the nature of thd phenomenon and the manner of its 


encodinne, audio has only 1 Hisplay paramters video has many. 
y play p y 
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There are a ane of other PA fae ete he ee aac ae 
: a be 


organization operative jn video systems, One ry rly most important 


is the distinction between fields, which gives us "the fiction 


4 
t 


of the frame.' 

Paradoxically, while the frame is the eerere Sat oF video 
operation it is one of ede entities that exist only in the eye 
of the beholder. Fach frane consists of two interlaced fields of 
262'5 lines each, ee each field occupying 1/69th second. Nov, 

each field might be said to contain '; the picture information 
of a frame, except that our terminolozy, which is derived fron 
film practices, is imprecise to the degree of being inaccurate. 
While the field certainly does en ls the euokene information 
of the frame, it cannot be siad to contain % the picture information 
L rang eae 

of any particular ecenc, pen in fact contains the only picture 
information we are going to receive from ae erence moment. 

In a movie canera the shutter is opened for a finite period 
Aine which £hs time the frame is entirely exposed in a single 
moment. The shutter then closes while the film is moved to the 
next frame where the process is repeated. Film is a earn and 
field eau nee: in which the photons interact with fic full frame and 
are "held" there indefinitely Neoweh latency and proce-sing until 
the decomposition of the emulsion, the base or both. But a video 
camera has neither a shutter nor operates on ei sample and hold 


principle. As the photosensitive portion of the pick-up tube is 


continually sensitive, (Cp. 16 follows) 





bas ad 


se 


there ig no moment of exposure. The "development" of the latent 
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video image occurs when the sc¢annine beam strikes a point on the 


— epee 


photosensitive plate causine an electron flow proportional to the 
amount of light striking that point (the actual state of affairs 

ts somewhat more complicated, but the dynamics are as described here). 
In video there is a6 frame samplinz; only a single point is samplea 

at a time, with the effect that the frame is continually active, never ; 
static. Any chanse in the light field before the beam strikes an 
avbievars sauae will be expressed in the resulting signal. Since 
the recistration of imarzes is continuous and not momentary, what 
in video is called a frame bears little resemblance to the momen- 
tary image of film. The frame is, rather, the expression of the 
formal structure of aie time frarie,; wath the purposeful discrep- 
ancy of the time at ene each field begins. This déscrepancy is 
1s line, so that one field begins in the upper left corner of the 
screen and ends in the lower center while the other begins in the 
upper center and ends in tne Lower right wnxnexx. It is this *' 
line offset that efficiently and automatically produces the inter- 
lace. 

Enxangyxsassx In any case, there is an interesting 
indefiniteness to all this: to specify that field number 3,263 and 
field number 3,264 are a frame is no more aida than to choose 
3,262 and 3,263 or 3,264 and 3,265. The frame is, therefore, more 
the desctiption of a process--the continuous seoeese of interlace 
scanning--than a unitary conercte entity. Nonetheless, it has 


become conventional to designate that field which begins in the 


upper left #1 and that which begins in the center #2. 
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If we unravel, as it were, the time frame, we find ourselves 
with tine divistons on a one-dimensional sitenal. These divisions 
we shall call "time marks." One point to remember is that this 
Signal is absolutely continuous from the moment the system is 
actuated to the moment it is turned off. The horizontal and 
verticaal infomration comprising neice frame here exists as 
marks, sharply rising and fallins voltages specifying particular 
instants. which represent the time frame along this continuous 
signal. These marks then stand for and are utilized as instants 
in which a varicty of processes begin or durations during which 


they continue. 


The process of specifying the beginning of another process 


is called "triggering," and the entity which institutes it is 


called a “trigeer.' The specified signals which are triggers 
include horizontal drive, vertical drive, horizontal sync, vertical 


syne and, in color, burst flag. (~ LV) (Rew 1 ROA MH LG GSO 


Another process which, like triggering, is a regulator 


t 


of processes, is "gating." Here the state of a gate vermits a 


process. Lo. continue so. .1onc as. the cate 1s.in-the spectried state. 
It is distinct from a trigger in that a trigger fires another 
Sienal which afeéer that initial moment is autonomous from the 
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tricser, whereas, thie gate is at the snecified level. Bbeth—tricrears 






7 % are most often pulses, which is a séenal ax that has 
rise and decay: times of such short durations that it can be said 
to have only two states and whose duration is short compared to 


the time-scale of interest. Pulses look like this: 


_ (diagram rising pulse) (diagram falling pulse) 





























ae TT 


The gating £«* time marks of video are the horizontal and vertical 
blankings. These turn the beam on and off during retrace. Somep 


what simplified, they look like this: 
(diagram) 


Where they drop down the beam turns off, when they rise the 
beam turns on. Becasse most of their State is high (on), they _ 
are occaisonally and justifiably referred to as "unblankings." 


Thus, at the beginning of each line the horizontal drive een 


; (5 AK 
triggess the beam, sets it on its norizontal journey, while XQ) (¢ 


a short time later (approx 1 mnicrosec?) the blanking rises to oh 
EMENKENEXEGapXMH enable the beam to write. Near the end of the ° / 


journey, the blanking disables the beam, during which peridd it 
retraces so as to begin the process again. A similar Situation 


occurs with the vertical dirve and blanking during each field. 


Chere description and diagram of all spming signals) 

Let's consider time frame and time mark in a different 

way by choosing the descriptive example of the registration of 
an arbitrary signal from an osc-llator or other electronic 


source. First, wehave our time marks 
(labfelled diagram) 


And wehaee the arbitrary signal, in this case a sine wave of 


approximately 31,590Hz which is free running (i.e. has no electronic 


relationship such as tripgering to the time marks). Free run, | 





following second paragraph, page 25 


Tf absolute brevity were required, we could summarize 
video as th- practice of joining arbitaary sifnals to time marks. 
These time marks, by representing the beginnings or durations of 
processes, allow relationships to be determined which 1) establish 
the time and space rppreecntations of the frame, and 2) maintain 
stability of relationshins within the frame. This means that the 
time relationships betweon arbitrary and ssacifice sienals are, tie 
Same “onthe aisplay as thicy were im the enceodine mechanism. Ir 
conventional utilization, this means that the eleetron beams of 
the display and the camera are at corresnoncing svatial coordinates 

. coordinates 
on the face of the tube at corresponding. temporal soknzs/as measured 
within the time frame. Basically, it is only through specified 
temporal 
sienals that we can speak of having t:tme/coordinates at all. Trans- 
parency would not be possible without this enforced puxgs corres- 


pondence which is the organization of space by means of time and 


(iii: Camera eAcocins) vies versa: 
(diagram of camera-monitor scanning coordination) 


The tine frame xs, as we stated carlier, is comnosed 
| These 
of a complex interrelation of timing components. Yhusxs components 
are as follows: 
1) Horizontal drive G'D)--15,759 Nz pulse. Regulates 
the sw horizontal sweep, retrance and blanking of the beam in 
cameras. This is a triscer. 


2) Norfizontal syne--15,759 Hz pulse. Rerpulates the 


swoe, and retrace of the beam in menitors. This is a trigger. Uor- 











a) 


izontal and vertical sync are usually venerated tosether as 
“composite sync." 

3) Forizontal blantine--15,759 "z pulse. This is a gate 
in all its utilizations. Tt is always generated with vertical 
blankins in the compbex waveform of Xeamposikteblantine" or 
“composite blankine."” Yorizontal blanking does the followins: 

A) Blanks the beam in monitors just prior to 
retrace and resteres the beam just afterwards. 

B) In sreeassies equipment, turns off the 
arbitrary signal near the end of each Line and turns it on 
‘again after the endenie of the next. 

Cy) Eetab lashes. in its tine relation: to 
horizontal sync, the position and duration of the front and back 


porches. 


D) Its amplitude establishes the pedestal level, 
which denotes the absolute blank of the system. This js not to 
be mistaken for black level, which is an arbitrary calibration of 

, 4 conventionally 
just noticable excitation of the phosphors (ususkiky at 7.5% above 


pedestal). 
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(I. diagram of horizontal signal telationships) 
(CII. diagram, labelled, of horizontal ine s-ne 
components) 
4) Equalizing, pulses--These AXN consist of two sets of 
O42 Aiawey. 31,5092) pulses that occur during the vertical 
blanking interval immediately preceding and following the vertical 


syne pulses. The purpose of this array js to maintain horioental 








synchronization throughout the vertical blanking and retrace, thus 

enabling the 1/2M < lisparity between the lst and second fields. If the 
2 

e cualizins fields were not present, loss of/interlace would result, 

reducing the resolution of the system (random-.interlace systems 

lack equalizing pulses.) Equalizing pulses are penerated as 


a component, of horizontal sync, 


(diagram, two consecutive Fields in verticalblanking) 


5) Vertical Prive (VN)--60 Ne pulse. Regulates 
vertical sweep neoMenexbranzinxeumeyx » retrace and blacking 


of the beam in cameras. DTS 8 4 Lrigeer, 
6) Vertical syne--This is a serrated pulse (i.e. a 
divided pulse) which occurs each 1/60th sec between the eqnatdeine~ 
two seté of equalizine pulses. Tee funcitoniss to regulate the 
sweep and retrace of the beam in monitors. This is a trigger. It 
will be noticed that the serrations have a ideakaes of 1/? 
SO as to maintain homies syne during vertical blankine 


». Vertical - 


Syne is senenated with horizontal Sync as composite syne. 


7) Vertical blanking=-60z pulse. This 1s a gate which 
off 


turns/the beam of monitors during vertical retrace. As a rate, 


js 


vertical blanking high for most of te field and low for 18-21 







H at the end and beginning of each frane. 






vertical and horizontal which determine 
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(diarram, vertical timins relationshins) 


8) Subearriecr (also challed chroma, color subcarrier and 

(incorrectly) A eeniwanenes aoe ‘iz sine wave. Carreges the 
color vortion of the signal, and exists in two components, the 
burst and the chrominance, both 3.58 Mz sine waves. The burst is 

‘t he reference and is Located at the beginning of aGhianbed Lines. Its 
amplitude, phase, frequency aah soeterod relative to each line ie: 
not change. The chrominance is the color actuating BXAK Signal and 
occurs during active picture writing. Changes in the amplitude 
of chrominance control color Sqeieaeion (e.f. whether it is 
pink or red, light blue or deep. blue); chanpes. in the phase of 
the chrominance relative to the stable burst control hue ataaen 


(e.g. whether it is red or green). : 


(diagram burst and chrominance on the line, with 
some indication of phase referencing) 


§) Burst flag~-15,759 pulse. Determines the time location 
of the burst during each line. It functions as a trigger. 
9) Burst key--15, 759 Hz phlse. Determines the duration 
of the burst during each Line. This is a gate. Ve shall discuss 
ch eciar methods in a later section. It is necessary to mention 
then bs to petnt-eut-te-in make ¢lear the interrelations of 
the timing signals. 
As the maintenance of these preiese time relationships 


is critical to the functioning of the system, all synchronieations 


must be derived from a sinele source, the “master clock." 
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general sense. Indeed, it is the definition of the sinusotd that 
{ts transitions are everywhere equal with respect to slope (remembe 
the rotation diarsram). A pulse can be viewed as a square wave with 


a very short of very lond duty cycle. 


i eke ea ci ie, lee ol a 


There are other waveforns with leadine edges, such 





as the ramps. ° 


ee re re eae. ee 


(diagram rising and falling ramps) 


——. 


——— 


These are characterized by a linearly changing voltage until 


maximum/minimum where they return £a rapidly to. the initial level. 


Nene en ene eee Septem nan ine 


To be precise, the sharp transition of the rising ramp is the 
"eral ine sepa Rither "positive going" (rising) or ‘peeve 
going" (falling) edges can be used as triggers, depending on the 
engineering of the partiuclar device. 

No leadins ec ge is absolutely vertical, for that would 
inateare that the transition is literally instantancous, obviously 
impossible. All ramps are, then, very sharp "sawtooth" waves, 

a | , * 
which are/subset of triangle waves. 
(dagr diacran triangle and sawteeth) 
The steepness sf 2G short slope of the sawtooth is often 
reeulated by the response characteristics of the comnonents it 
enters. It will be seen shrotly that intentional response limitations 
mak aid the Seannine retrace of cameras and monitors. 

These are the structures and components which 

allow the formation of a consistent, periodic and coherent frame. 


“Wea shall examine in very general terms how this is done useing 


a simplified camera-display system as a model. 


: WV wd ode o~ Naot StS CG 





Level. To be precise, the sharp transition of therising ramp is 


the "trailing edge.” Fither "positive goins" (rising) or "negative 
going’ (falling) edges can be used as trireers, feacutiar on the 
Pia of the particular device. 
o | 
«is Theee structures and processes are the components which 
allow the formation of a consistent, periodic and coherent frame. 
Using camera encoding as a model, the following general steps 
are active in that formation. 
1) The lens projects a round image on'the transparent | 
face of a round pick up tube. Unlike film, there is no opaque 
Fratia maskato delineate the ase anes image boundaries. Becuase 
the lens inverts the imace, the top of the picture is really 
“at the bottom of the tube, the scanning pattern of the camera ie: 
reversed from rishi toe: Jere (as looking at the target from outisde 
the tube) and from bottom to top. enews speak of top and botton, 
it naaeee ag to the timage, not to the physical orientation of the 


camera. 


2 2) Our simplified tube has Saye charges applied to 


m it to emanate 
it. There i the cathode, which receives a steady NEESER whith allows/ 
BrEARK continuous towards 
a/beam of electrons taxflmnxts the target. There are several 


focusing, acceleration and decelleration prides and coils which 
we have not displayed here... The target itself is coated with a 
phtosensitive | 7 
-/ substance whose resistance is altered inversely to the amount 
of light falling on it. When there is axhix HxXENKERKEEN m8ch light, 
the resg$stance is small: when little light, the resistance is high. 
When there is no lingt, this substance behaves as an insulator, 


¢ ' \ 


so that when the electron beam strikes it, essentially no voltage can 
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be tapnod from tix the. tarret. As Light increases. an-any particular 
spot, the resistance declines and an electrical flow xsxpnxyaduesd 
wateh-tg-a-- of amplitude proportional to the lisht intensity is 
produced. 

3) The sync generator sends horizontal and vertical 
drive pulses to the aes i and vertical deflection mo Pai 
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Rn -deyite Tales ingle fro the trive Dudnes. These ramps are sent 

to the horizontal and vertical deflection coils which move the 

beam up or cown and side to side. For example, as the vertical 

ramp increases, thebeam is pulled farther ane farther cown Unt) 2e 

reaches its lowest point at Chie Heat: of the ramp. When the ramp 

snaps suds lently to its low voint, a rapid vertical retrace occurs. 

The same situation occurs with horizontal. Thre is no blaniing: here-- oo 
the beam is continuously on--and whatever the beam picks up during 


its retrace is ‘tavved' off the tareet along with the rest of the en 
Op £ iu ; 


~~ 


signal. The basic rau oneal rec of the iamee are shaped here by ; 
? ° 2 . © a : ‘ & 
he location of the beam syeeps.| LF ae is, for instance, a a 


thiscalibration, it will be carried along thorughout the system. 
There is little one can do to ameliorate the eaatien without 
expensive a-dsophisticated digital re-timing techniques. 

f£) At the same time as this is happening, the sync 
generator is sendine to the processor horizontal and peeeeaneanes 
and blankinss toa module we'll ena the sanc and blanking adder. 
In most systems, horizontal and vertical syne are conveyed in a single 


signal called composite syne; horizontal and vertteal blankins in 


composite blanking (or, someitmes, called just "blanking”). The 


a fe bs arse Vice ———>) 
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syne and vlanning adder receives the signal from the tarset, which, 


it will be renembered, was scanned accerdines to time directions from 


rrit 


the same master cloch. The result of this-is to allow syne and 


blankings to be added later while maintaining the proper relation- 


Shios of the time frame. 


AR. ie et oe ee me gE ere OY Pe 


A a a ers eee ae 
i ° 


a nee te te = me ee ee ee 
' 


= I SA ee I Te ER TR i wt mre 





26; 


in fact, is a relative condition, so that both the time marks and 
the arbitrary signal may be said to be free running. 


(diagram of sine wave in same TR as time marks) 


? 


In the encodins process the arbitrary sienal will be linked to 

the time mark anywhere ee period it happens to fall. The 
resulting signal. night look variously like this: 

(3 Sineeane of composite video) 
When displayed it will lool: variously like this: 
(4 photos free running 31590 on monioor) 

There are two elements be Rookies The time base determines how the 
$enal will look on the monitor. Since this arbitrary signal f0es 
through approximately 2 Fait. cyeles each 1/155./59 -sees5 each 

line likewise goes through four complete changes. The. second 
element is the time frame. Tt is in this kind of synthetic situation 
where the essential Sveewaction of Bite time frmme becomes most 
apparent and also where its usefulness is most pronounced. We 

are not plotting positions on a two dimensional surface; rather 
we are assigning time relations which determine the position of. the 

an | 
c ontent--rhe nurhitxaxyxneriodic energy structure--in the ENE XdXMENX 
Seer ee seunme nesiees array manifested in tne raster... Golierence, 
the preservation of the relationships between voltage level of the 
, althoush visually unstable, 

arbitrary signal and the time frame, is active here: this ipn/signal 


is fully recordable and consistent in every playback. 
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We Indy. it we wie. trieror the 31, 599s stenal jot ti tise 
horizontal drive of the system. In that case, the oscillator is told 
to begin its cycle at the beginning of each line where it executes 
two cycles before being told to start again at the next line. Then 


the video signal is unchanging in appearance and looks like this: 
(monitor photo’ and waveform drawine) 


Curiously, and important to realize, is that if we point a 


video camera at the display of the locked signal, what emerges from 


~. 


the camera is a 31,50901z signal more-or-less identical to the 
| locked to the time marks. 
oscillator-generated waveform/ This illustrates: another principle 
of experimental video, what we shall call the equivalence principle, 
which is that every lisht projection on the pick-up tube has a 
waveform encodins particular and equivalent to rxx it. This is 
obvious, and is at the heart of the mediational process. What this 
means is that it is, in theory, possible to duplicate by waveéorm 


generation the encoding of any camera scene. ‘And the inverse: that 


any wavedorm generation within appropriate paramters (of frequency 
o 


~ ut am Mae, 


eS a4 


_-it will have on a display if the camera is given the appropriate 


S-and amplitude) can be encoded by a cawera with the same appearance 


See 
e ° s ° ae ei amie ieee a mere * t ° e e 
element in the mediational ae aa Pie ine 
ine er oe 


equality” which is found in nearly all technological Media. This 


is the ereason we had to add "as it will have on a display." To 


preserve the visual or sonic transparency, all such media operate, 
in a sense, with m@rrors. The camera pick-up tube is the inverse of 


the monitor: the decoding process may be ¢ctagrammed like this: 


as, 
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Similarly, in film exposure and projection we find this state 


Of afiairs: 
(diagram) 


In audio there are two movine diaphragms, the nicrophone's and the 
geaker'’s. In all cases the utility of the eee ere 

aio it-to be an intermediary--has dic#ated that the mimetic 
encoding nrocess be inverselyduplicated in the decoding, process. Le 
is this equality which preserves tne transparency and allows us 

to accept the scene as a valid representation of human vision. 
(Holography seems to present one significant exception to this 
rule.) Thus, jn a notseless system (purely a theoretical construct) 
we can, if. we wish, repeat the rescanning process with our locked 
31, 502 sienal ite indefinitely and maintain the identicality 

and particularity of te product in nce, -weneunaton: The mirror 

of this system preserves this transparency of the processin®. 


The inverse of our equivalence principle is true--that any 


waveform generation can be encoded by a camera with the same 


appearance it will have on the display when the corresponding camera 


encoding is used is because, being "mirrors,'' the camera and the 
isdlavy have similar properties of light-electricity conversion. The 
utility of the video system has dictated to the engineers that in. 


“normal'’ encoding of light the qualities the system imparts to the 


reristered scene not grossly violate our recognition of normal percep- 


tion. Nonetheless, at certain limits of the system, distortions 


are introduced by the camera and/or monitor. For example, if a ball 


falls at an appropriate speed before a video camera, jt wlll appear 


a ge. wolves fun nara fatlowine) 
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Instead of being ina sigvzle position for each field (as would 


be the case with film), it intersects a Breater number of scanning 


passes than it would if it were at rest. L 


ikewise, if it were rising 


it would appear disclike, because it intersects fewer scanning 


passes. the speeds involved, indidently, are not great. Now, if 


we encode a waveform, a series of pulses, which have the same tempor- 


al relation to the time frame as the ball has to the light projection 


oh the pick-up tube, the appearance on the display is likewise 


distended, just as in the camera encoding. The reason for this is, 


of course, becuase the monitor's inters 


ection of the electronic 
material 


ball is identical to that of the camera's to the uekuak ball. Remember 


that the waveforn encoding is not identical because the material 


ball's encoding reflects the distension while the electronic hx 


encodins does not. Equality is preserved because of the inverse mirror. 
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